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Three scenarios of damaging pests and weeds in New Zealand agriculture were modelled; 80 these represent a range of current and potential challenges to agriculture in New Zealand. The 81 selected scenarios are detailed in Table 1 . Each scenario models the outcome from a lack of plant protection for a particular farm type
86
in New Zealand, and presents up to three different approaches for mitigating the negative 87 effects on production. As presented, the mitigation approaches are informed by the literature 
130
All stages of the weevil affect white clover and this has two impacts on pastures. First is the 131 loss of dry matter through the depletion of clover due to feeding. Second is the loss in 132 nitrogen fixation also due to rhizobial root nodule damage.
133
In most assessments of the effects of this weevil, estimates of the loss to pasture have been 134 based on records of damage found on Waikato dairy farms. In such farms, the weevil causes 135 up to 35% reductions in total dry matter and up to 83% less nitrogen fixed as a result of 136 clover loss (Gerard, Hackell & Bell, 2007a and that clover root weevil prevents nitrogen fixation in 50% of the nodules. Therefore, 100
163 kg of nitrogen must be replaced via fertiliser to maintain pasture production at normal levels.
164
The costs associated with such extra application of nitrogen fertiliser are detailed in Table 2 . The use of extra nitrogen to mitigate the effects of clover root weevil has been shown to 173 increase total pasture production, but cause a slight decrease in total metabolisable energy 174 (White & Gerard, 2006) . This was found to be due to a reduction in clover content of the 175 pasture from weevil activity, but an increase in total ryegrass due to the application of 
209
This biological control is modelled as having no additional cost to farmers. Harris & Husband (1997) showed that annual repeat application of flumetsulam at label rates 278 of 50g/ha over consecutive years provided 80% control of giant buttercups after 4 years.
279
These figures have been adopted in the model used in this contribution, along with per 280 hectare application costs as detailed in One potential alternative response to the spread of giant buttercup is the application of a 289 naturally-occuring fungus, Sclerotinia sclerotiorum, which can infect and kill buttercups.
290
The fungus has been found to cause 75% plant mortality rates in controlled studies, and 50% Per hectare, shown in Table 9 , the spread of giant buttercup would cost over $640, this would 
358
The GWSS spread to California in the late 1980s and from there has spread to French ability to be spread through air travel, and move closer to New Zealand.
361
In California, the incursion of GWSS and the spread of PD is estimated to cost the
362
Californian wine industry 110 million USD each year (Alston et al., 2012) , $59 million of 363 this is from the loss of productivity in grape growth, the remaining $51 million is spent on 364 preventative measures and funding the Pierce's Disease Control Program.
365
The modelled scenario of the spread of GWSS to New Zealand focuses only on the impact on 366 grape growers, although there is evidence that an incursion would also impact on citrus 367 growers, and native trees and shrubs.
368
The whole of New Zealand is thought to be climatically suitable for GWSS; however, PD is 369 only severe in the United States where the average minimum January temperature is greater 370 than 4.5C, thus it is only a threat to North Island grape growers.
371
It is assumed that the spread of GWSS in New Zealand would be similar to its spread over are modelled as declining to zero over four years due to vine death associated with PD.
377
Response 1: Replanting vines
The first response scenario for the incursion of GWSS and PD is to uproot the vines and 380 replant. This option is extremely costly, incurring both the cost of replanting all affected 381 vines, but also the loss of revenue from a cessation of production as the new vines mature.
382
In modelling, the new vines are assumed to take four years to mature. The capital costs of 383 replanting per hectare, shown in Table 10 , are spread over 30 years. The replanting of affected vines restores productivity; however, it does not grant any G. ashmeadi has reduced populations of GWSS in Tahiti by over 90% one year after release, 399 and up to 95% on eight islands across French Polynesia (Grandgirard et al., 2008) .
384
400
It has been argued that the colder climate of New Zealand will be less suitable for the 401 establishment of G. ashmeadi (Charles & Logan, 2013) , suggesting that the parasitoid may be 402 less effective across the whole of New Zealand than it has been in California and the Pacific.
403
In the warmer regions of the North Island the wasp should still be effective, although slower 404 to respond to increases in populations of GWSS. As the model's aim is only at assessing the 405 impacts of the spread of PD on North Island vineyards, which are predominantly located in the warmer regions, we have assumed the wasp to be effective in areas with the GWSS.
conservative estimate of a 85% reduction in the populations of GWSS has been made. It is 409 also presumed that the GWSS would take eight years to become established across the North
410
Island.
411
There have been no extra costs assumed for the establishment of G. ashmeadi, although it is 412 recognised that this would incur costs via the New Zealand Environmental Protection
413
Authority.
414
Results
415
The majority of New Zealand's viticulture profits come from vineyards in the South Island, 
